A field survey was carried out to determine the vegetation structure of the Lukanga Swamp Ramsar site in central Zambia. The aim of the study was to identify the different vegetation communities, species composition and distribution patterns for improved habitat management. Sampling was conducted in all recognizable vegetation communities. The results of the survey showed that the swamp was a littoral palustrine wetland predominantly cha- The current structure of the hydrophytes composition observed in this study was an indication of a generally silting wetland, while the dominant occurrence of understorey woody plants in the surrounding vegetation signified degraded miombo vegetation. It was concluded that the ecological status of wetland habitat was potentially threatened by mainly anthropogenic activities such as; wildfires, and unsustainable exploitation of surrounding vegetation. Further research is required to examine water flows, eutrophication and the long-term effects of deforestation on the ecological functioning of the wetland.
Introduction
The Ramsar Convention, defines Wetlands as "areas of marsh, fen, peat land, or water, whether natural or artificial, permanent or temporary with water that is static or flowing, fresh, brackish or salty, including areas of marine water the depth of which at low tide does not exceed six meters" [1] . They are among the most ecologically productive ecosystems but have in the last few decades suffered severe degradation due to increased demand for their resources by humans.
In Zambia wetlands of three categories exist viz, 1) Riverine system, 2) Lacustrine system, and the Palustrine system occupying nearly 20% of the land [2] [3] [4] . As transitional zones, wetlands accommodate a myriad of anthropogenic activities. Lukanga Swamp Ramsar site, for instance, recorded anthropogenic activities include; fishing, trophy and meat hunting, livestock grazing, firewood collection and charcoal production, agriculture and water supply for commercial and domestic needs (Figures 1(a)-(d) ). Wetlands also generally, influence human settlement patterns as most of them are established within or near lakes and dambos and along rivers and streams in Zambia. Despite their values, no detailed study of the structure of vegetation communities has been carried out in Zambia. Consequently, most wetlands have degraded and species depending on them equally threatened. Over exploitation through overfishing, illegal hunting of large mammals as well as increasing levels of deforestation remains a major concern of nearly all wetlands in the country.
The Lukanga Swamp was specifically selected for this study due to its proximity to the Kafue National Park ecosystem and consequently considered to be part of the Kafue National Park wildlife habitat system. It also serves as an important source of income for people in the central part of Zambia as well as the Copperbelt and Lusaka areas which are also the most urbanized parts of the country. It was as also declared as a Ramsar site in 2006, signifying its importance at national and international levels.
The main goal for carrying out this study was to assess and classify the wetland ecological status [5] [6] and character as a means of stimulating wetland research in the country and elsewhere in the region; and to ensure effective management, planning and monitoring. To achieve this goal, we used vegetation and in particular plant species occurrence and distribution to describe the wetland's ecological status, a method which has been used for similar studies in other wetlands [7] [8] . Research findings in this study were expected to be of great value to the conservation fraternity as a contribution to conservation and management of this wetland whose future critically lies in the available ecological knowledge and information.
Methods and Materials

Study Area Description
The Lukanga Swamp is a shallow wetland with depth not exceeding 6.1 m, even at the height of the wet season. The area of permanent swamp and open water is approximately 2100 km 2 , comprising three characteristic types; palustrine, lacustrine and riverine. The palustrine wetland covers approximately 95% of the area and includes permanent swamp, termitaria grasslands and dambos. The lacustrine wetlands cover about 5% of the wetland. The riverine wetlands occur in small areas along the fringes of the Lukanga and Mushingashi rivers. Water in the swamp comes from three sources; direct rainfall into the swamp, inflow from tributary streams and spill from the Kafue River. The swamps significantly influence the flows into the Itezhi-tezhi reservoir, located downstream on the Kafue River. The main river flowing into the swamp is the Lukanga, which originates north of the wetland in the Copperbelt Province.
Location
The Lukanga Swamp is located approximately 50 km west of the city of Kabwe, in the Central Province of Zambia. It is strategically positioned within the catchment of the Kafue River [9] . The general elevation is between 1250 m on the catchment area and 1100 m in the main swamp. The total catchment is 19,490 km 2 , but the main swamp area is only 2500 km 2 , extending to 2600 km 2 at high floods. This study covered the main swamp and islands, and part of the catchment area along the Kafue River between Nkomonshya Ferry and Mongo at the Lukanga-Kafue River confluence ( Figure 2 ).
Geology and Soils
The Lukanga Swamp region is generally covered by rock formations of the Pre-Cambrian assembly of the Gondwana super continent which included the southern continents with series of events occurring between 3000 million years to 100 million years [10] . This rock formation covers much of the eastern side of the Lukanga Swamp. Much of this includes the Katanga system which has wide occurrence in Zambia, and it is the most dominant rock formation in the Lukanga area. The second rock formation bear its origin from late Mesozoic phase which includes the present-day era, covering the periods of the Cretaceous through Tertiary to Quaternary [11] [12] . In Zambia, the late Tertiary period is known as the Kalahari system whose deposits consists of poorly consolidated sand stones, and unconsolidated windblown deposits [12] and much of the western part of the Lukanga Swamp and Chilwa Island is underlain by the Kalahari sands. Soil types were earlier described [13] as comprising seven types based on UNFAO classification. However, the most widespread soil types in this region include the swamp soils which are organic soils and have very high content of vegetative matter, while the sand veldt soils are loamy sands, coarse grained, but with reasonable content of clay. The sandy soils are generally yellowish-red to light yellowish-brown where well drained, but these change to grey-brown where poorly drained.
Climate
Three distinct seasons are recognized viz; 1) rainy/wet season extending from November to March, 2) cool dry season from April to August, and 3) hot, dry season from September to October/November [11] [12] . Mean maximum temperatures are highest in October (31.8˚C) while mean minimum temperature is 14.8˚C. In general, significant amounts of rainfall start in November and continue until early April. However, most of the rains occur mainly in the months of December (243 mm), January (257 mm), February (190 mm) and March (126 mm). The number of rainy days for the rainfall of at least 1 mm is on the average higher in December (18 days) followed by January (16 days) and February (14 days). This trend is the same for the number of rainy days for the rainfall higher than 10 mm. In some years, very low rainfall has been recorded and this has contributed significantly to the drying up of the Lukanga Swamp as was the case between 1986 and 1995 seasons [3] .
Drainage and Hydrology
The hydrology of the Lukanga Swamp has been fairly described [14] [15] [16] [17] [18] . It is generally shallow with an average depth of 1.5 m, although it can exceed 6.0 m in some areas or in exceptionally high floods. The capacity of the swamp depression between the average low water level and the maximum level is approximately 13,000 m m 3 [16] . The main sources of water are rainfall, surface run off, sub surface and Lukanga River and other channels which drain into the swamp from the catchment area. Further inflow comes from the Kafue River through Mwinuna channel. The flows from the streams are seasonal, and cease at the end of the rainy season. Inflows from the Kafue River become possible once the channel flow is above the swamp through the Mwinuna channel via Mutanta Swamp and the southern part of Chilwa Island (see Figure 2 ). Further inflows from the Kafue River spill over of the banks during very high floods. Conversely, the wetland is drained by the Lukanga River through the Mukunkwa channel and by the back flow through Mwinuna channel, which takes place when water levels in the swamp are higher than that of the Kafue River [15] [16].
Data Collection Techniques
Vegetation Surveys
Field surveys involved the use of maps of 1:250,000 and 1: 50,000 to design transect surveys and to carry out verification in two (2) woodland vegetation and seven (7) main swamp vegetation communities. In main swamp where it was not possible to walk on foot (Figure 3 ), transects were traversed by canoe and in woodlands on foot. Plant species identification was achieved by the use of field guide books [19] and samples of plants which were difficult to identify in the field were taken to the herbarium at the University of Zambia for identification. 
Herbaceous Pant Assessment
Data collection on plant species composition was done in six habitat types between Waya and Chilwa Islands (see Figure 2) . Plant composition was then estimated by using a 1/2 square meter frame [20] . Each 1/2 square meter frame was subdivided into four (4) equal plots. A total of 320 plots were equally distributed at 10 m apart along a canoe transect in the permanent swamp (see Figure   3 ), and at 50 m apart along a compass line in the tall and short Termitaria habitats. At every 10 m interval, the quarter square meter frame was lowered on the side of the observer sitting in a canoe; while in the Termitaria, the half square meter frame was lowered in front of the observer. Plant species present in the plot were tallied within each subplot and qualitatively assigned dominance status of the area covered by each plant. Thus, only a dominant plant was recorded in each subplot.
Woody Plants Assessment
We sampled five (5) 
Results
Habitat Types
Eight (8) habitat types were recognized, miombo woodland, Acacia-Combretum woodland, Baikea woodland, Kalahari, Lake basin Chipya, termitaria grassland,
permanent swamp and open water ( Figure 4 ).
Aquatic Macrophytes Community Structure
The distribution of aquatic macrophytes in six (6) plant communities of the swamp wetland is presented in Table 1 . 
Phragmites australis Community
Based on the percent occurrence of dominant plant species, the dry reed bed zone had Leersia hexandra Swartz (42.02%), Phragmites australis (Cav.) and Trin. ex Steud (33.61%) as co-dominants ( Figure 5 ). However, species such as Aeschynomene fluitans Peter (12.6%), Ipomea aquatic Forsk (6.51%), Ludiwigia leptocarpa (Nutt) Hara (5.25%), Typha capensis Rohrb (2.5%) and Vossia cuspidata Griff (2.5%) were equally important (Table 1 ). Other species with less than two percent representation included Nymphaea capensis Thunb, Eleocharis dulcis (burm.f) Trin ex Herschel, Polygonum senegalinse Meisn, Scirpus sp. and Utricularia L.
Nymphaea capensis Community
This plant community was significant in the vegetated areas of the shallow parts of the lakes, and the proportions of common plants species are given in Table 1 . 
Polygonum senegalinse Community
In general, this community had a low number of plant species. As shown in Ta (62.43%) followed by Phragmites australis (Cav.) Trin. ex Steud (15.22%) and Eleocharis dulcis (burm.f) Trin ex Herschel (22.35%). However, there were also some emergent macrophytes occurring in low proportions including Nymphaea capensis Thunb., Polygonum senegalinse Meisn., Ceratophyllum demersum L. and Leersia hexandra Swartz.
Aeschynomene fluitans Community
This plant community was common at the mouths of Lukanga and Lupoposhi rivers, and it also occupied edges of permanently flooded areas, usually preferring areas that were covered with water. 
Dry Land Plant Community Structure
Woody vegetation covered most of the northern, southern and eastern parts of Lukanga Swamp, and this vegetation was distinctly recognized as Brachystegia woodland and Acacia-combretum vegetation types.
Acacia-Combretum Vegetation
Acacia-Combretum plant community was distributed along the edges of the swamp as well as along streams and the area between Kafue River and the swamp. The results of this plant community are presented in Table 2 and Figure  6 . Based on importance value (IV), the most important woody plants were, Figure 9 ). 
Discussion
The use of vegetation communities in wetland assessment protocols for classification and prediction of the condition of a wetland has been well documented Figure 9 . Species importance value in woody vegetation structure at Chilwa Island, Lukanga Ramsar site, Zambia.
[33] and thirdly, the number of plant taxa growing in wetlands is large and offers numerous potential attributes for method development [31] . However, we took note of the limitations that might arise in using this approach because we did not take into account an inclusion of the assessment of rooted submerging and floating macrophytes to give a comprehensive structure of the Lukanga wetland as earlier recorded in other studies [33] . We therefore, strictly relied on emergent macrophytes as indicators to describe the structure and to classify the Lukanga wetland.
In determining the hierarchical classification of wetlands we on the basis of our findings, viewed the Lukanga wetland as a littoral swamp which had developed the ecological character of a dambo palustrine wetland system. Furthermore, the species composition of plant hydrophytes in this wetland signified a dambo structure. A dambo is known to be a seasonally waterlogged palustrine bottomland wetland associated with the headwaters of river systems draining the plateau areas, and is usually covered with grassland plant species and aquatic macrophytes mainly sedges [34] [35].
Aquatic Macrophytes Structure
Zonation patterns of macrophytes has been well documented in various studies [33] [36] [37] and is usually developed in succession zones between the woodland and deep water habitats or up to the river channel, each zone being dominated by specific plant species. It was also earlier shown [38] 
Species
Importance Value composition and distribution varies with hydrology, substrate type and nutrient availability [39] as well as other factors such as land use and sediments. These factors and human activities such as moving of fishing crafts ( Figure 10 ) seem to have a profound influence on the distribution of plants in Lukanga Swamp.
Plant dominance [40] such as the dominance of Phragmites australis (Cav.) Trin. ex Steud, Typha capensis Rohrb, Aeschynomene fluitans Peter, Polygonum senegalense Meisn as obtained in this study showed and clearly suggests a condition of a largely stressed wetland habitat. This is because these plant species are generally considered as indicators of silted, muddy and shallow water environment, and are usually well established in such areas and to some extent may be prolific and grow readily even in excessively eutrophic and polluted environments as also noted in other similar studies [32] [38] [41] . In particular, Phragmites australis (Cav.) Trin. ex Steud (P. communis trinius) is an invasive and successful plant, and has a wide distribution in the world. The plant disperses through seed, cut fragments of stem or rhizomes and seed spreads by wind, and because of this ability the plant is readily established in shallow and muddy parts of many wetlands [42] . Similarly, Typha capensis Rohrb is a well-known indicator of a wetland habitat and the species prefers not only muddy, silted and stagnant water habitats, but it is successful in wet soils with high content of organic matter [43] [44] [45] . Typha capensis Rohrb and its congeneric species reproduce very rapidly through rhizomes and seeds [43] [46] and its dominance on the eastern side of the swamp could indicate occurrence of heavy sedimentation due to deforestation partly for firewood used to dry fish (see Figure 1(b) ).
In contrast, Nymphaea capensis Thunb is an aquatic rhizomatous perennial emergent herbaceous plant and it grows in many types of stagnant water bodies, while Vossia cuspidata Griff and Cyperus papyrus L. establish communities in stable flowing water environments [44] . Although we did not carry out assessment of Cyperus papyrus and Vossia cuspidata communities, these have limited distribution in this wetland for a number of reasons. Earlier findings [44] [47] revealed some of the factors causing decline of Cyperus papyrus L. in the Nile River in Sudan and Egypt, and among the reasons discussed were high amplitudes between the dry and flood periods. Ordinarily, Cyperus papyrus L. is more typical of stable hydrological environment and may tolerate low pH, but a papyrus swamp cannot endure unstable water flows as also noted elsewhere [47] because of the plant's poor rooting system in which the plant may anchor itself in soil during the dry season and during high floods, it may die due to drowning.
Much of the papyrus swamp in this wetland has since been replaced by either Vossia cuspidata Griff or by Phragmites australis (Cav.) Trin. ex Steud.
Termitaria Habitat Structure
Whereas factors influencing the distribution of termite mounds have not been fully investigated and understood, the occurrence of Termitaria in Lukanga Swamps seems to be a result of soil type, soil moisture and hydrology. Accordingly, tall Termitaria are built by two species of termites, the Macroterms spp. and Odontoterms spp. and that these build large mounds from subsoil in a variety of soil types. Earlier records [27] [48], provide good descriptions of floristic composition of Termitaria habitats. Our results confirm the species of plants usually occurring on these mounds, and these were mostly woody and herbaceous plants species. In general, tall Termitaria displayed high diversity of plant species characteristically different from the surrounding landscape because they provided excellent conditions for plant growth. In similar studies [47] it was shown that termitaria had very high content of nutrients such as carbon, nitrogen, calcium, potassium, magnesium, clay/silt and were alkaline as well as having very high content of moisture and rich in humus. Consequently, these habitants are widely cultivated in Lukanga Swamp. [27] [28] . Because of its structure and the transitional nature of periodic dryness and wetness, the area remains an important habitat for conservation.
Woody Vegetation Structure
Our findings of the assessment of woody vegetation at Chilwa Island and the eastern part of Lukanga Swamp (Table 2, Table 3, and Table 5 ) show the dominance of the under storey plant species as opposed to Maunde protected forest which had dominance of the upper storey ( Table 4 The structure of Miombo vegetation has already been widely reported in various studies [49] [50] and invariably these plant species seem to represent the under canopy cover. Therefore, the current findings strongly suggest deforestation to be the probable cause of excessive removal of upper storey plant species and this is generally a result of increasing agriculture, charcoal production and fuel wood collections which are important means of livelihood on the eastern part of the Lukanga Swamp.
Conclusion and Recommendations
Conclusion
This study highlighted the species composition and structure of the Lukanga Ramsar site, attendant potential threats on conservation of wetland biodiversity and the need for concerted effort to sustain the ecological functioning of the Lukanga wetland and the need for further investigations.
Recommendations
On the basis of our findings and the issues raised in this study, we propose future investigations to include the following:
Wise use of Lukanga Swamp: "Wise use of wetlands is the maintenance of their ecological character, achieved through the implementation of ecosystem approaches, within the context of sustainable development". (RAMSAR, 2010).
The Lukanga Swamp is among the most significantly important wetlands in Zambia. The significance lies in the number of species of animals which have been recorded as potentially present in the area. About 127 species of mammals, 316 species of birds, 69 species of reptiles and 27 species of amphibians may potentially occur in the Lukanga Swamp region [15] and it is also an important fishery (see Figure 1(d) ). Recent records have revealed that Lukanga Swamp wetland produces in excess of 1710 tons of fish annually [51] [52] .
Nevertheless, while this may be the case, wise use of this wetland is threatened by increasing pressure resulting from over exploitation, deforestation and expanding agricultural activities including grazing (see Figure 1(a) ).
Although the aspect of unsustainable utilization of resources was not covered in the present study, our view emphasizes the depletion of fish and wildlife populations and as such we recommend that detailed investigations be carried out to confirm and substantiate these concerns, and to bring out findings that may provide guidance for the conservation plans.
Wetland condition of Lukanga Swamp: Although this aspect was also not investigated in the current study, understanding wetland health is essential in the effective management of and monitoring of a wetland. Wetland condition refers to the health of an ecosystem, and it includes the stability and sustainability of the ecosystem to withstand environmental stress [5] and it further describes the condition as an ecosystem having the capacity to support a diverse community of organisms and perform functions compared to that of a local unimpaired site [6] . We recommend that a study to determine wetland condition of the Lukanga Swamp should be carried out.
Environment flows and wetland recharge functions: Knowledge of environmental flows is important to assist in the management of this wetland ecosystem. An environmental flow is understood to be the quality, quantity and timing or water flows required to sustain freshwater ecosystem and the human livelihoods and wellbeing that depend on these ecosystems [53] [54] [55] [56] and it is also important to note that there are other water requirements such as the ecological flow needs which may refer to the flow levels required in a water body for flora and fauna and habitat processes present within that water body and its margins [54] . There are several reasons for proposing assessment of environmental and ecological flows for Lukanga Swamp. Firstly, the watershed of Lukanga Swamp is largely limited and streams in this watershed are relatively intermittent and may flow only for three to four months in a year. This limitation coupled with excessive reduction of forests in the surrounding area is inevitably a serious threat as volume of inflows may remain correspondingly low to feed the swamp. Considerable amounts of inflow in the swamp come from the Kafue River as an overland flow. However, this view would require detailed investigations. Secondly, the relationship between water and forests has been well investigated and comprehensively discussed elsewhere [57] [58] [59] , and it should be well understood that the vegetation around the Lukanga Swamp is an integral part of the wetlands landscape. Studies have shown that forests play a significant role in the interactions between ground water of wetland ecosystem through a recharge function [57] as well as controlling flood flows, water quality and erosion. Our view is that it would be important that research should be carried out to determine the significance of this function. Thirdly, a wetland carries an important function of remediating various nutrients and sediments [39] [60] [61] [62] . Unlike the riverine (flood plain) wetlands, the Lukanga Swamp is a depression and almost entirely closed wetland. This kind of limitation has been discussed [61] and our view therefore is that with this limitation in mind, it is highly probable that the Lukanga Swamp cannot effectively sequester excess nutrients, sediments and other pollutants compared to a flood plain wetland. This inability may lead to increased eutrophication and reduced fisheries habitat quality.
Wetland fires: Whether or not fires cause changes in the structure of vegetation has been a subject of investigation and debate for a long time. While this was not investigated in this study, fires occur annually in many parts of Zambia during the dry season. Numerous and well-documented studies have been done on the effects of fires on wetlands [40] [65] . These studies have revealed that although wetland fires are an integral part of wetland landscape, their effects remain less understood. One of our hypotheses on this subject nevertheless suggests that although fires may remove much of the vegetation in a wetland, they can not only change the structure and configuration of a wetland, but that the removal of organic soils and change in water chemistry may have a negative effect on other organisms. We believe that research on this aspect should be pursued in Lukanga Swamp. Furthermore, potential effects of fires on woody vegetation around Lukanga Swamp should be viewed with some serious consideration as studies elsewhere [63] [64] [65] [66] [67] tend to suggest that while fires have values for reshaping the ecological landscape, they are seemingly detrimental in other respects. Our recommendation for fire research in Lukanga is based on the argument that excessive vegetation removal in this area may have serious hydrological implication on this wetland particularly in the recharge function. Such consequences include not only severe reduction in subsurface and underground water recharge, but increased erosion and decline in water quantity for the wetland which must be thoroughly investigated.
